A taxonomic revision of the Austro-Malesian species of Miliusa Lesch. ex A.DC. (Annonaceae) is presented. Ten species can be recognised in the area, including one new species, Miliusa novoguineensis, described here. Most species are restricted to certain islands or geographic areas. Miliusa horsfieldii (Benn.) Pierre is the main exception as it is distributed from Hainan up to Queensland, Australia. six of the ten species (except M. amplexicaulis ridl., M. longipes King, M. macropoda Miq. and M. parviflora ridl.) have a deciduous habit, and are largely restricted to areas with a monsoon climate. A key, based primarily on generative characters, and descriptions to the species are included.
Annonaceae are a pantropical family of shrubs, trees and lianas. The family consists of about 130 genera and 2300 species. The largest number of genera and species are known from Asia (including Australia and the Pacific), with c. 60 and 1000, respectively. In comparison c. 40 genera and 800 species are recorded in America, while Africa holds c. 40 genera and 500 species.
Although the position of Annonaceae within the Angiosperms and order Magnoliales and its family circumscription is clear and undisputed (Keßler, 1993; Qiu et al., 2000) , the genera within the family are very difficult to define and not easily placed in 'natural groups'.
The relationships between the genera of tribe Miliuseae are subject of a phylogenetic study by the first author. All genera included, except the genus Miliusa, have been revised recently (for a review see Mols & Keßler, in press ). The revision of the Austro-Malesian species of Miliusa presented here will be used to complement the morphological dataset on the tribe Miliuseae for comparison with a currently assembled molecular dataset (Mols et al., in prep.) and also to use both datasets in a combined analysis.
THE TrIBE MILIUsEAE
The circumscription of the tribe Miliuseae has been based primarily on the presence of stamens without a protruding connective prolongation, the so-called miliusoid stamens (Hooker & Thomson, 1855) . Hooker & Thomson used two names for the tribe. In the introduction and general classification of Annonaceae the tribe was named saccopetaleae, while in the description of the tribes and genera the name Miliuseae is used instead. Miquel (1858) was the first to use the name Miliuseae exclusively and to designate saccopetaleae as a synonym.
According to the most recent informal classification by Keßler (1993) Miliuseae consist of Alphonsea (30 species), Mezzettia Becc. (5 spp., this genus is doubtfully placed in the tribe), Mezzettiopsis ridl. (= Orophea (Leonardía & Keßler, 2001) ), Mil iusa (including Saccopetalum c. 35 spp.), Orophea Blume (50 spp.), Phoenicanthus Alston (2 spp.) and Platymitra Boerl. (2 spp.).
Even though the diagnostic character (miliusoid stamen) of the tribe is limited to this group of genera, the monophyly of the tribe has been disputed (Mols & Keßler, in press ). Preliminary analyses using molecular data support this view (Mols et al., in prep.) . In analyses including a large number of genera throughout the family, Miliuseae appear polyphyletic with Mezzettia and Miliusa only distantly related to the clade including Alphonsea, Orophea and Platymitra.
Miliusa
The genus Miliusa was described by De Candolle in 1832 with the species Miliusa leschenaultii A.DC. after a specimen collected by Leschenault de la Tour in 1823. The name Miliusa was given by Leschenault de la Tour in honour of the 'baron de Milius', a French marine officer and protector of botany in the French colonies and companion of Leschenault de la Tour on his voyage on the Le Géographe (1800-1804) in the Pacific (De Candolle, 1832; Backer, 2000) . De Candolle described this material as a new genus because the specimens only had three petals, which had a saccate base and were united. These and other characters mentioned in the introduction and description do not fit the general perception of the species or even the genus based on all material available. When checking the type specimen (DC-G) and comparing it with additional material from the same area we concluded that the type is genetically aberrant (for more details see note 2 of the generic description).
Up to now the type species has been referred to as Miliusa indica, but we conclude that the correct name should be M. leschenaultii (see also note 1 of the generic description in this article).
The genus Miliusa presently also includes the former genera Saccopetalum Benn. and Hyalostemma Wall. Hyalostemma was established by Wallich (1832) when he transferred Uvaria dioica (as 'dioeca') roxb. to a new genus Hyalostemma, but he named the type species Hyalostemma roxburghiana instead of H. dioica. When Hooker & Thomson (1855) transferred Hyalostemma to Miliusa the first name was used and they named the species M. roxburghiana, which must be considered a superfluous name. Panigrahi & Mishra (1984) indicated the latter when they investigated several problems concerning M. roxburghiana (a more elaborate account can be found under note 3 of the generic description)
The second generic synonym Saccopetalum was established in 1840 by Bennett with the species S. horsfieldii Benn. based on a collection by Horsfield from Java. Bennett recognised the similarity between Hyalostemma, Miliusa and Saccopetalum with the difference between the three genera being the number of ovules (Hyalostemma only one, Miliusa two, Saccopetalum more than two). A further difference between Sac copetalum and Miliusa was that the first is deciduous and the latter not. Baillon (1868) considered these characters insufficient to keep the two genera separate and transferred Saccopetalum to Miliusa. Baillon did not make all needed new combinations, this was done later by sinclair (1955) . Finet & Gagnepain (1906) distinguished two sections within Miliusa based on the number of ovules. section Saccopetalum (Benn.) Finet & Gagnep. contains the species with at least four ovules and section Miliusa with never more than two. In their later publications they did not refer to these sections anymore. only Fries (1959) and Huber (1985) still recognised the two sections. Both authors noted that all members of section Miliusa occur in the north-western (mainland Asia) part of the geographic distribution area, while the species in section Saccopetalum are found in the entire range of the genus. In the molecular study (Mols et al., in prep.) , including only seven species of the genus, the representatives of section Miliusa are included in a strongly supported clade. sampling of section Saccopetalum was insufficient to confirm its monophyly.
The genus consists, after the revision of the Austro-Malesian species, of c. 30 to 40 species. Although for the revision presented here the material outside the targeted area has also been studied, the problems on nomenclature and status of species occurring outside the Austro-Malesian area have not been sufficiently resolved and studied in detail. There are many species in India and China that are quite similar and/or only known from type material. Thailand may harbour several new species. As far as we know none of the remaining unrevised Miliusa species or unidentified material can be regarded as a synonym of the species dealt with here.
Distribution
The genus can be found from India and Bhutan to Australia and New Guinea. Most species occur in mainland Asia. The centre of distribution seems to be either Thailand or India, as both countries harbour a large number (10) (11) (12) (13) (14) (15) of species, with some species shared by these countries.
The species currently revised are mainly confined to the Flora Malesiana area (Peninsular Malaysia to New Guinea including the Philippines) and Australia, here referred to as 'Austro-Malesian'. several species of course extend outside this area and can also be found in mainland Asia.
Ecological biogeography
some species exhibit a deciduous life cycle, which is correlated with their distribution. The young, new leaf flush is often accompanied by intensive flowering. The association of deciduousness with distribution, restricted to areas with seasonal climate, is best observed in Miliusa horsfieldii. This species has the widest distribution within the genus. It was known from Australia and Java only, but our present study reveals that it occurs in the seasonal areas from Hainan and mainland Asia to New Guinea and Australia (Map 1), showing some gaps, primarily in sumatra, Borneo and most of New Guinea.
This distribution of M. horsfieldii can be explained by its adaptation to seasonal droughts, typical for the monsoon forest. When comparing the distribution of M. horsfieldii with the overall distribution of seasonal plants in general (Map 2 from Van steenis, 1979 ) the localities of the specimens of the species coincide for c. 95% with the hatched (dry or seasonal) areas. only in a few cases it seems that the localities of M. horsfieldii do not coincide with Van Steenis' general figure; in this case we may be dealing with dry enclaves within the rain forest belt. The latter is certainly the case for Miliusa koolsii (Kosterm.) J. sinclair, which is endemic to New Guinea (Map 3). When comparing the localities in Papua with the annual rainfall in the area (ridder, 1995) it becomes evident that these localities coincide with the places with the least annual rainfall.
In total six out of the ten species studied are deciduous and for all of these their localities coincide with the seasonal climate or with drier enclaves within their distribution area: Miliusa novoguineensis Mols & Keßler, endemic M. traceyi Jessup are restricted to the coastal areas of North Australia, which are seasonal and dominated by the monsoonal low-pressure systems, with summer rainfall and dry winters (mesophyl and notophyl forests, Beadle, 1981). Miliusa vidalii J. Sinclair is endemic to the Philippines, where it is restricted to seasonal and semi-seasonal areas (Wyatt-Smith, 1979) .
Four species studied here are evergreen. The relatively widespread Miliusa longipes King can be found in Western Java, Sumatra, Peninsular Malaysia and mainland Asia. Most of these areas are covered with evergreen rain forest. Miliusa amplexicaulis Ridl. and M. parviflora Ridl. (the latter species is considered semi-deciduous) are respectively restricted to Peninsular Malaysia and Thailand, or Peninsular Malaysia alone. As mentioned before, these are areas with a typical rain forest climate. Miliusa macropoda Miq. is endemic to Borneo and although not deciduous does seem restricted to the drier north-eastern coastal parts of the island (MacKinnon et al., 1997) . Based on this information together with label notes stating that the species grows close to rivers and is occasionally found in inundated areas it seems that the species is only tolerant to a more seasonal climate on Borneo, thanks to its mesic habitats.
Jovet-Ast (1942) observed the somewhat fragmented distribution of the genus and more importantly the very local occurrence of most species. For this reason she suggested that Miliusa represents an old genus with some members having disappeared in certain areas. The antiquity of the genus is difficult to assess, although diversification of Annonaceae took place in the Early Cretaceous (Le Thomas, 1981) . At least it is shown here that the distribution of Miliusa and its species is very closely correlated with the climate, especially concerning the deciduous species. Furthermore, the deciduousness is not restricted to the Austro-Malesian area alone. It is also evident in mainland Asia where Miliusa tomentosa (Roxb.) Baill. ex Finet & Gagnep. and M. velutina (Dunal) Hook.f. & Thomson are also known to be deciduous (pers. obs.). 
Vegetative morphology and anatomy
The genus consists primarily of treelets to trees up to c. 40 m high; the largest trees are Miliusa koolsii (up to 55 m tall) from New Guinea. Within the family some of the largest individuals are Mezzettia leptopoda (Hook.f. & Thomson) King and Polyalthia pachyphylla King both c. 40 m tall and primarily found in Peninsular Malaya (Keßler, 1993) .
In general, the wood is yellow when fresh, but turns darker on exposure. It is hard, heavy, elastic, straight-grained with a fine texture and smooth touch. The structure is diffuse-porous with distinct to faint growth rings which are delimited by darker and denser fibrous tissue (M. velutina, Pearson & Brown, 1932; M. globosa (sub M. roxburghiana), M. horsfieldii (sub M. tectona) and M. velutina, Chowdhury & Gosh, 1958) . The moderately few to numerous pores are medium sized to large (50-200 µm; M. horsfieldii (sub Saccopetalum horsfieldii, Moll & Janssonius, 1906; M. koolsii, M. horsfieldii (sub M. unguiculatum), and M. velutina, sidiyasa, 1998) . The parenchyma is in fine tangential lines, forming a network with the narrow to moderately broad to broad rays, which is typical for Annonaceae (Pearson & Brown, 1932; Chowdhury & Gosh, 1958; Keßler, 1998; sidiyasa, 1998) . The wood is reportedly easy to work, but is not very durable, and is therefore not dealt with on a large scale. The wood is primarily used for tool handles or in cheap constructions, furniture and packing cases (M. velutina, Foxworthy, 1909; Pearson & Brown, 1932; Chowdhury & Gosh, 1958; Keßler, 1998) . The wood of the Australian species M. brahei is used by the aboriginals in light building and crafting and the boiled inner bark is used to dye fibrecrafts yellow to orange (Lindsay et al., 2001) . Moll & Janssonius (1906) mentioned that the wood resembles that of Mitrephora, Orophea, Platymitra, Trivalvaria Miq. and Popowia Endl. Hallé & Oldeman (1970) classified most Annonaceae in two different architectural models, either roux' model or Troll's model. Johnson (in prep.) noted that the species with roux's model have the branches spirally arranged on the trunk, while the species with Troll's model have the branches distichously arranged. Like most Asian members of Annonaceae Miliusa has a spiral pattern on the primary axis. The arrangement of the entire leaves on the branches is distichous, as in almost all Annonaceae. The shape of the leaves varies to some extent between species, but more importantly also within species and even individual trees. Therefore it is difficult to use leaf characters for taxonomic delimitation. The shape of the leaves often varies depending on age, especially in the deciduous species. The mature leaves in M. horsfieldii, for instance, are elliptic to ovate, but the young ones are often obovate. Also the shape of the base can differ within a species, even within the leaves of one specimen. In M. horsfieldii the base is always unequal, with the young leaves having a more acute to rounded base, while in the older leaves the bases often are emarginate. The unequal base is somewhat characteristic for some species, as the base is almost always unequal in M. amplexicaulis, M. horsfieldii, M. macropoda and M. vidalii, while only rarely so in M. koolsii, M. novoguineensis and M. traceyi. In M. amplexicaulis the unequal half of the leaf base is clasping the petiole and/or branch, hence the name. Generally the apex of the leaves is acute to cuspidate, but the length of the elongated apex may be less prominent in younger leaves. Patel (1971) studied the epidermal structure and stomata of M. tomentosa. The epidermal cells contain crystals of calcium oxalate of various shapes. The stomata are paracytic and randomly distributed between the veins.
The venation is quite similar in all species in having approximately 7-12 straight secondary vein pairs which anastomose reasonably far from the margin (4-10 mm), the midrib above is flat or slightly sunken but prominent below. Almost all species have intersecondary veins, which are more obvious in some species. Klucking (1986) classified the main venation type within Miliusa as 'middle phase venation' being dominant with some amounts of 'early' and 'late phase' present in the lower and upper parts of the leaves, respectively. The latter indicates that the angle between midrib and secondary veins differs at the base and apex of the leaves. This difference in angle between midrib and secondary veins at the base of the blade was also used by Chen & Li (1993) to indicate the difference between Miliusa (angle at the base 30-45°) and Saccopetalum (75-85°) and maintained them as separate genera. Although a general trend within a species is seen, in most cases the angles at the base are larger, but in three species they are smaller at the base (M. amplexicaulis, M. koolsii and M. longipes), and it is not uniform within a species or even one specimen. These features are also not useful in section or genera delimitation.
The indument consists only of simple hairs, either mostly appressed (strigose), short semi-erect (tomentose) or more dense and composed of soft hairs (pilose). For the dense cover of short, soft hairs on the inside of the inner petals the term 'pubescent' is used. The hairs on stigmas, when present, are very thin and long (in comparison with the stigmas) for this the term 'cobwebbed' is used, after Hewson (1988) . In the descriptions the indument density has been subdivided in three types: dense (hardly any epidermal surface visible), normal (surface visible) or sparse (just a few hairs). The hairs of the Indian species Miliusa tomentosa have been studied in more detail by Aleykutty & Inamdar (1980) . They described the hairs as eglandular, multicellular (3 or 4), uniseriate simple filiform hairs (also described as such by Patel, 1971) , which consist of a simple foot and uniseriate body with narrow tip. This type of hair is common among Annonaceae.
Inflorescence and flowers
The general inflorescence structure within Miliusa is a rhipidium, or a reduced cyme (Weberling, 1981) . This means that within the inflorescence the basal flower is the oldest. When there are more flowers in an inflorescence each flower is in a different stage of maturity. In M. traceyi the younger flowers never fully mature as the additional buds fall off when the basal flower reaches full maturity. In two species, M. brahei and M. horsfieldii, no bracts were found, only 2 bracteoles. In all other species a bract and one bracteole can be recognised. The bracteoles and some bracts are caducous and are very tender and easily damaged: in many dried flowers the bracteole was absent and only a tuft of hairs indicated the former locality of this bracteole.
The bisexual flowers (Fig. 4c, d ) show one whorl of three sepals and two whorls of three petals each. The outer petals and the sepals are alike in shape and size, although not identical as in Phaeanthus Hook.f. & Thomson. The sepals are often triangular or tongue-shaped, while the outer petals are either tongue-shaped, triangular or boatshaped ( Fig. 1 ), when they do look alike the sepals are smaller than the outer petals. When the outer petals are boat-shaped they enclose the margins of two adjoining inner petals. At anthesis when the inner petals separate, the outer petals often fall off (although they often remain enclosed between the inner ones). In M. amplexicaulis the sepals are connate at the base. The inner petals are broadly triangular or narrowly ovate (M. novoguineensis and M. traceyi) and traditionally characterised by a saccate base, unique for this genus. The size of the sac can differ between species. The sac often seems to consist of glandular tissue which runs along the midrib to the apex. This tissue is visible in dried material because of a difference in colour. This is also seen in living material as the midrib and the base are often red in comparison with the creamy to greenish yellow colour of the remainder of the inner petals. But sinclair (1955) indicated that not all Miliusa species had inner petals with a saccate base: M. amplexicaulis, M. andamica, M. parviflora and M. velutina were considered to be non-saccate. Additionally, M. amplexicaulis differs from the other Miliusa species in having a thick arc of glandular tissue at the base instead of running along the midrib. The fact that these species had no sac and in the case of M. amplexicaulis that the species had this glandular ring at the base (together with some other characters; e.g. the connate sepals which is shared by a number of mainland species such as M. fusca Pierre, M. glandulifera C.E.C. Fisch., M. glochidioides Hand.-Mazz., M. mollis Pierre var. mollis, M. mollis Pierre var. sparsior Craib) seemed to warrant the exclusion of these species from Miliusa. But the molecular analyses (Mols et al., in prep.) have shown that Miliusa can only be considered monophyletic when all these non-saccate The torus of Miliusa is characterised by long pilose hairs surrounding the stamens and these hairs often persist in fruit. Very few other genera show this uncommon character. The torus bears in the middle 3 to 80 carpels surrounded by 3 to 232 stamens. The stamens primarily consist of a connective with two extrorse anthers on a short filament. They are called miliusoid, which means that the connective prolongation does not extend over the anthers and ends into a short and obtuse apex. This in comparison with the other stamen types of Annonaceae in which the connective prolongation extends over the anthers and forms a shield-like structure. The carpels are flask-shaped and the stigmas are sessile. At anthesis the stigmas are covered with an exudate. The number of ovules varies from 1 to 12, with a few in M. longipes, M. novoguineensis and M. traceyi, while in the other species more ovules are found. The placentation of the ovules is correlated with the number of ovules. species with one or two ovules have a (basi) lateral uniseriate placentation, while the species with more ovules have a lateral biseriate placentation. Miliusa macropoda, however, has 5 to 10 ovules which are uniseriate. sastri (1957) found that the ovules in M. tomentosa (sub Saccopetalum tomentosum) arise from the ventral side which makes the placentation laminar. The margins of the carpels are very close but never fuse. The wall contains three veins, of which only the one dorsal vein supplies the ovules.
Pollen
Walker (1971) studied the pollen of most annonaceous genera and classified the genera into three subfamilies and eight tribes. Miliusa was placed in the Malmea subfamily in the Uvaria tribe, which is the largest recognised tribe with 47 genera. Walker described the pollen of Miliusa as solitary, apolar, radiosymmetric, globose and inaperturate. They are medium-sized to large and tectate with well-developed columellae. When comparing the pollen of Miliusa with that of the other genera in the tribe using Walker's data, it is very difficult to distinguish between the genera. In recent years the pollen of some genera in Annonaceae has been re-studied with the emphasis on the inaperturate pollen. Doyle & Le Thomas (1994 , 1996 , 1997 and Doyle et al. (2000) stated in their cladistic analysis of Annonaceae based on, among others, morphological characters that the pollen type in Miliusa should not be interpreted as being inaperturate but as disulculate. Based on preliminary observations it had already been suggested by Waha & Morawetz (1988) that in Miliusa disulcate pollen could be found, but Doyle & Le Thomas (1994) stated that the sulci are not polar and the pollen should therefore be described as disulculate (Waha & Hesse, 1988: f. 4a ). According to Le Thomas (1980) and Le Thomas et al. (1986) the exine consists of a very thin discontinuous strongly aerolate-verrucate tectum with a weakly developed granular infratectal layer with a foliated basal layer, while the intine is fibrillar, lacunar and thick. Leopold (1969) mentioned Miliusa type pollen for the Miocene of Viti Levu, Fiji. Unfortunately, he neither gave a description of the pollen, nor the reasons why it should belong to Miliusa. Leopold erroneously stated that no Annonaceae are known from Fiji: six genera occur (smith, 1981) on this island group, though no Miliusa. This means that either Miliusa used to be present in this area and is extinct now, or it concerned the pollen of a different Annonaceae genus. The latter appears to be the most plausible explanation. Most likely we are dealing with pollen of Polyalthia, which is also placed in the Uvaria tribe sensu Walker (1971) as it has quite similar pollen to that of Miliusa (Doyle & Le Thomas, 1994) . Nine Polyalthia species occur on Fiji, all endemic. Periasamy & swamy (1959) studied the microsporogenesis in Miliusa wightiana Hook.f. & Thomson. They concluded that Miliusa differs from Cananga odorata (Lam.) Hook.f. & Thomson, in having microsporangia containing massive sporogenous tissue instead of a single strand. Additionally the division of the microspore mother cell is said to be of the simultaneous type. This is not necessarily the general condition in the genus, however. sastri (1969) indicated that in M. tomentosa (sub Saccopetalum tomentosum) the microspore mother cell division is not simultaneous, but should be described as modified simultaneous, as the furrowing starts at the first meiotic stage and is completed only at the end of the second division.
Carpidia
The monocarps are (sub)globular to elliptic to irregular-shaped, up to 4 cm long and 3 cm wide. The shape differs with the number of seeds. The monocarps are always glabrous and stipitate. The fruitlets are not positioned in a straight line with the stipe, but obliquely inserted giving it the appearance of a hockey stick or golf club. The pericarp differs greatly within the genus. It can be either thin and paperlike (M. longipes) or very thick, hard and leathery (M. horsfieldii) when dry. In the first case in dried specimens the raphe is often visible through the pericarp. The unripe fruits are yellow green to green ripening red to dark purple. The number of monocarps can range from 2 to 40, with large differences even within one specimen. Each monocarp can contain up to 10 seeds. The seeds are generally elliptic but when more seeds are present the sides flanking other seeds are often flattened, which alters their shape. The raphe consists of a shallow straight groove and the hilum is transversely elliptic or circular and only a few mm wide. The seed wall is rather thin (papyraceous). ruminations are lamellate, dividing the seed in four parts. Corner (1949 Corner ( , 1976 suggested that the seeds of M. wightiana resemble those of Polyalthia sclerophylla Hook.f. & Thomson (sub P. purpurea) in having a testa that is little differentiated because having no longitudinal fibres, a small hilum, an inner integument which is only a single layer of cells, endosperm which is white, starchy and hard, and having ruminations which are formed by the inner integument. Miliusa differs from Polyalthia species in lacking oil cells in the ruminations. Periasamy & swamy (1961) studied the ovule and seed development in M. wightiana Hook.f. & Thomson and found that the ovules are bitegmic throughout with no middle integument. Furthermore, the plate-like rumination ingrowths in Miliusa consist of both the inner and outer integument. These ingrowths are broken along median and transmedian longitudinal planes, which confines the growth to four sectors of the seed (lamellate in four parts sensu Van setten & Koek-Noorman, 1992) .
The fruits of some species are sold on the local market because of their fleshy coat (e.g. M. brahei, Yunupinu et al., 1995) .
Karyology
Chromosome numbers of several Miliusa species are recorded as 2n = 18. The species studied are: M. globosa (okada & Ueda, 1984, sub M. roxburghiana) , M. longiflora Finet & Gagnep. (Löve, 1982) , M. tomentosa (Adatia & Chokshi, 1951, sub Saccopetalum tomentosum) , M. velutina (Löve, 1979) , and M. brahei (Morawetz, 1988) . Miliusa eriocarpa Dunn is said to have n = 14 (Löve, 1980) ; this number is not common in Annonaceae, only having been reported in Annona L., Unonopsis r.E. Fr., Guatteria ruiz & Pav. and Anaxagorea A.st.-Hil. (Walker, 1972; Morawetz, 1986) , of which only Anaxagorea is found in Asia. Possibly the specimen used by Löve was wrongly identified, although this could not be verified.
Reproductive biology
Few Aut-ecological studies on Asian Annonaceae have been carried out and little is known concerning Miliusa. okada (1990) The plants are supposed to be pollinated by beetles, as on several occasions allegedly beetle dung has been found in herbarium specimens. Personal observations of Miliusa horsfieldii during a short visit at the Botanical Garden Bogor did not confirm this. The only insects observed surrounding and visiting the flowers during a short series of observations were fruit flies. In a few cases flies are proven or suspected pollinators of Annonaceae (Morawetz, 1988; Norman et al., 1992; Gottsberger, 1999) . The fly pollinated flowers are said to remain open at anthesis and the petals do not fold over the reproductive organs and the floral odours are either imperceptible or unpleasant, yeasty. The flowers of M. horsfieldii remain wide open after anthesis and the smell is, although not very strong, not unpleasant, although for M. macropoda it has been stated that the smell is like fermented rice. Further studies are needed to reveal the actual pollinator(s).
Medicinal uses and phytochemistry
Greshoff mentioned in 1898 that the bark of M. longiflora and M. horsfieldii (sub Saccopetalum longiflorum and S. horsfieldii respectively) contained alkaloids, although in very low amounts. In more recent studies the bark extracts of M. velutina are said to be purgative (Yoganarasimhan et al., 1982) and Shah & Gopal (1982) specified that the bark decoction of M. tomentosa is used in the treatment of rheumatism and that the fruits were anti-diuretic. Bhargava & Chauhan (1968) and Kar & Jain (1971) investigated the essential oil of this species (sub Saccopetalum tomentosum) for antibacterial activity and the oil was found to be somewhat active against both Gram-positive and Gram-negative bacteria. The essential oils were tested on mammals (Menon & Kar, 1970) where the oils caused a reduction in the motor activity, blocked responses, exerted a central depressed action and analgesic effect in rats and a pentobarbitione hypnoses in mice. From the roots of M. balansae Finet & Gagnep. (sub M. banacea) two oxoapophine alkaloids, one new to science, were isolated and together with a total extract from the roots tested for bioactivity. The extracts showed selective toxicity against DNA repair and recombination deficient mutants of the yeast Saccharomyces cerevisiae (Harrigan et al., 1994) . Four alkaloids have been extracted from the bark of M. velutina. The benzylisoquinoline and aporphine alkaloids found are typical for all Annonaceae. oxoapophine alkaloids were also found, which are not typical for the family, and the authors therefore suggest a close relationship between M. velutina and M. balansae (Jumana et al., 2000) . shrubs or trees up to 40(-55) m tall. Old branches terete, fissured, lenticelled, when older flaky; lenticels elliptic. Young branches terete, sometimes square or flattened in transverse section. Petioles above (slightly) grooved or flat, below wrinkled, sometimes base thickened. Leaves obovate, elliptic or ovate, papyraceous to pergamentaceous (M. koolsii), above glossy; base often unequal, rounded to cuneate, sometimes emarginate; apex acute to slightly cuspidate; midrib above flat or slightly sunken, seldom raised (M. traceyi and M. brahei), below prominently raised; secondary veins straight with sometimes intersecondary veins, anastomosing, reticulation often not visible. Inflorescences reduced cymes, axillary, extra-axillary or seldom terminal, 1-3(-5)-flowered; pedicels with an articulation at the base; peduncles and pedicels often enlarged and thickened when fruiting; bud scales 2, transversely ovate, apex rounded to acute, somewhat clasping the branch; bract(s) 0-4; bracteole(s) 1 or 2 (M. brahei and M. horsfieldii), often caducous and only tuft of hairs still present. Flowers bisexual. Sepals 3, valvate, tongue-shaped to triangular, not persisting in fruit. Outer petals 3, valvate, tongue-or boat-shaped, not persisting in fruit. Inner petals 3, valvate, (narrowly) ovate to triangular, base saccate (except M. parviflora and M. amplexicaulis), tissue of midrib and sac often deviating (glandular?), visible as a colour difference in dried material, in M. amplexicaulis seen as a thickened arc at the base of the inner petal. Torus (elongated) hemispherical to subglobular, densely pilose when flowering, flattened globose, glabrescent when fruiting. Stamens 3-232, miliusoid, connective prolongation short and obtuse or acute (M. amplexicaulis); anthers 2 per stamen, extrorse with visible connective; staminodes 0-6, resembling shape of connective with or without underdeveloped anthers, placed in the lowest whorl of stamens. Carpels 3-80, (round) flask-shaped, peripheral ones more bend, glabrous or strigose; style absent; stigma capitate to club-shaped, glabrous or cobwebbed, covered with exudate; ovules 1-12, (basi) lateral, uni-or biseriate. Monocarps 2-43, (sub)globular to elliptic to irregular shaped, obliquely placed on stipe; stipe terete, sometimes grooved, articulated at the base, when dried brown to black, glabrous. Seed(s) 1-9, elliptical, sometimes flattened on one or two sides, ruminations lamellate in 4 parts.
KEYs AND DEsCrIPTIoNs

Miliusa
Distribution -India, sri Lanka, China, Myanmar, Thailand, Laos, Vietnam, Cambodia, Nicobar and Andaman Islands, Malaysia, singapore, Indonesia, Philippines, New Guinea, Australia.
Notes -1. Drummond (1920) was the first to notice that De Candolle used two names for the type species, in the text M. indica (the name given by Leschenault de la Tour) and on the accompanying plate M. leschenaultii. As both names were published at the same time a choice needed to be made. Drummond seems to have made the choice when he stated, to conclude the part of his article concerning the taxonomic problems of this species, "… local botanists will presumably keep up Miliusa leschenaultii (type of the genus), M. affinis, M. montana, and M. nilagirica as distinct …", indicating that M. leschenaultii should be used. In contrast, however, M. indica has been used till the present time (actually so far M. leschenaultii has never been found in literature except in De Candolle and Drummond). Nevertheless following Drummond we propose that M. leschenaultii should be used as the correct name for the type species.
2. De Candolle described the new genus on a specimen that only had three petals united at the base, and their bases being saccate. The first two characters and some additional ones mentioned in the protologue do not fit the general perception of Miliusa leschenaultii or the genus as a whole based on all material available. The inner petals within Miliusa are not connate at all. However, of the first flower of the type material (Leschenault de la Tour s.n., Mt De Cottalam, 1823; G-De Candolle holotype, A, P, isotypes) we checked the inner petals and these were indeed connate, or at least not easily separable without damaging the laminas. This was not the case in another flower of the material and any other flower of this species. In many species of Miliusa the inner petals only separate just before anthesis. De Candolle also stated in his description that the flower consists of only one whorl of three sepals and one whorl of three petals, which is in contrast to the overall pattern in the family and also in Miliusa. In Miliusa, like most Annonaceae, the flowers consist of one whorl of three sepals and two whorls of three petals with the outer whorl being smaller and resembling the sepals. The shape and size of the described 'sepals' is like the outer petals in the other material of the species, so it seems that De Candolle missed the sepals. When checking the original material no additional sepals/petals could be found, not even scars of a possible sepal whorl. Drummond (1920) suggested that the sepals might have been caducous, but this has not been seen in any of the specimens studied in detail for the Austro-Malesian region. It must be concluded that the type material is aberrant. Evergreen shrubs or treelets, 2.5-6 m tall, dbh 2 cm. Twigs (sparsely) strigose or tomentose, glabrescent. Petioles 2-7 by 1.5-4 mm. Leaves obovate to elliptic, 9.3-26 by 4-11 cm, l/w ratio 2-2.5, base unequal, broadly oblique with lamina clasping the petiole and/or branch, apex cuspidate (-3.5 cm), lamina above glabrous, below (sparsely) strigose to tomentose, glabrescent, midrib above flat or slightly sunken, secondary veins 12-18 pairs with no obvious intersecondary veins, angle with midrib 45-60°, angles generally smaller at the base. Cymes axillary, 1 or 2 (or 3)-flowered; peduncles 2-4 by 0.5 mm; pedicels 7-25 by 0.5 mm; bud scales absent; bracts 2, ovate, clasping the peduncle, 1-2.5 by 0.7-1 mm, apex not recurved; bracteole 1, triangular, 1-1.5 by 0.7-1 mm, apex recurved, placed at c. 1/3 to 1/2 from base of pedicel, sometimes persisting when fruiting. Sepals triangular, connate at the base, 1.5-2 by 1.5-2 mm, midvein sometimes visible, not persisting when fruiting. Outer petals triangular, 2-3 by 1.5-2. Deciduous treelets or trees, 5-30 m tall, dbh 15-50 cm. Twigs strigose or tomentose, glabrescent. Petioles 1-3.5 by 0.5-1.5 mm. Leaves (broadly) elliptic to ovate, 2.5-13.5 by 1-5.5 cm, l/w ratio (1.9-)2.2-2.9(-3.4), base acute, seldom obtuse or rounded, apex acute to acuminate (-1.5 cm), lamina above glabrous, below (densely) strigose to tomentose, midrib above flat or slightly raised, secondary veins 7-11 pairs with sometimes intersecondary veins, angle with midrib 20-55°, angles generally bigger at the base. Cymes in axils of fallen leaves, 1-or 2-flowered; peduncles 0-5(-7) by 0.5-1 mm; pedicels (13-)27-67(-84) by 0.33-0.75 mm; bud scales 1-3 by 1-2 mm; bracts absent; Ecology -Monsoon to semi-deciduous forest, sometimes in understorey. Soil: Sand, loam, red soil, granite outcrops, peat. Location: Near beach, streams, coastal dunes or inundated areas. Abundance: Rare to fairly dense. Altitude: 0-100 m. Flowering: September to December; fruiting: January, March, September, November, December.
Field notes -Outer bark light grey to dark brown, fissured, tessellated to flaky. Inner bark fragrant. Sapwood orange yellow to fawn yellow to creamish. Leaves glossy. Sepals (olive) brown. Inner petals yellow-green with red discoloration. Monocarps glossy dark purple to black when mature. Deciduous treelets or trees, 2-35 m tall, dbh 25-60 cm. Twigs (densely) pilose, glabrescent. Petioles 1-5 by 0.8 -2.5 mm. Leaves (narrowly) ovate, seldom obovate, 5.5-22 by 2-8 cm, l/w ratio (1.9-)2.4-3.7(-4), base always unequal, acute to rounded, slightly emarginate, apex acute to slightly cuspidate (-3.5 cm), lamina (densely) pilose, glabrescent, midrib above flat to sunken, secondary veins 8-13 pairs with intersecondary veins, angle with midrib 40-60°, angles generally bigger at the base. Cymes often in axils of fallen leaves, seldom in axils of mature leaves, 1-or 2-flowered; peduncles 1-7 by 0.7-1 mm; pedicels 2-20(-54) by 0.7-1 mm; bud scales 1-3.5 by 1.5-2.5(-4) mm; bracts absent; bracteoles 2, first bracteole triangular, 2-3.5 by 1 mm, apex not recurved, placed just above base of pedicel, caducous; second bracteole (narrowly) triangular, 1-3 by 0.7-1 mm, apex not recurved, placed halfway pedicel, caducous. Sepals tongue-shaped to broadly triangular, free, 2.5-7(-10) by 1-2 mm, margins slightly incurved, veins 6-8, persisting longer than outer petals. Outer petals narrowly tongue-shaped, truncate, 3.5-13 by 1-2 mm, apex not curved, margins incurved, veins 6 or 7. Inner petals (broadly) triangular, 1.7-4 by 0.5-1.5 cm, 0.5 mm thick, sac 2-5 by 4-11 mm, apex acute, margins somewhat incurved at anthesis, outside pilose to tomentose, dense near margins and base, inside margins and apex pubescent, veins 9 or 10 with some reticulation, glandular tissue visible. Torus elongated hemispherical to sometimes rounded, 2-3 by 2-2.5 mm. Stamens 40-65, 0.7-1.3 by 0.5-1 mm, connective prolongation obtuse; staminode(s) 0-5(-11), 0.5-1 by 0.3-0.7 mm, sometimes with underdeveloped anthers. Carpels 17-45, round flask-shaped, 1-1.7 by 0.5-0.8 mm, sparsely strigose to glabrous; stigma capitate or club-shaped, 0.3-0.8(-1) by 0.3-0.5 mm, glabrous; ovules 6-10, lateral, biseriate. Monocarps 5-20, subglobular to almost globular or elliptic, 1-2.3 by 1-1.9 cm, apiculation not present; stipe (3-)8-24 by 1-2 mm. Seeds 2-5(-8), elliptical with one or two sides flattened, 6-9(-12) by 4-8(-12) mm, pericarp 1-4 mm thick. Distribution -China (Hainan, Guangdong), Myanmar, Thailand, Laos, Nicobar and Andaman Islands, Peninsular Malaysia, Indonesia, Philippines, Australia.
Ecology -semi-deciduous forest, sometimes in understorey. soil: Alluvial, chalk, clay, sand; rocky; very fertile moist humus. Location: on sloping land to steep slopes; along creeks, gullies, streams, riverine areas. Abundance: infrequent to very common. Altitude: 0-250 m. Flowering: Throughout the year (depending on location); fruiting: Throughout the year.
Field notes -sometimes with buttresses. outer bark 2 mm thick, grey to black, flaky, smooth, fissured, stripes 1-2 cm wide. Inner bark 4-15 mm thick, cream to pale brown, layered. sapwood yellow (brown) to white, moderately hard, without odour or taste. Leaves dark green, glossy above. Peduncle yellowish green. Pedicel yellowish green. Flowers with nectar on the midrib inside. sepals green. outer petals green. Inner petals green to greenish yellow when young, outside green with faint tinge of red, inside mottled red or brownish with red brown midrib when mature. stamens (greenish) yellow. Carpels green to greenish yellow. stigmas soon turning brown. Field notes -sometimes with buttresses. Branches purplish. outer bark 0.5 -1 mm thick, dark grey to black, many shallow, narrow fissures, flaky. Inner bark 5-12 mm thick, light to straw brown-white. sapwood yellowish white, hard. Heartwood red-brown or like sapwood. Inner petals green to pinkish. Evergreen treelets or trees, (4.5-)7-27(-36) m tall, dbh (5-)12-45 cm. Twigs (densely) strigose or tomentose, glabrescent. Petioles 1-4 by 1-3 mm. Leaves (broadly) elliptic to ovate, 4.5-23 by 2.5-9 cm, l/w ratio (1.9-)2.3-3.2(-4.2), base unequal, acute to rounded, sometimes emarginate, apex acuminate (-2.5 cm), lamina sparsely strigose, glabrescent, midrib above flat or slightly sunken, secondary veins 6-12 pairs with sometimes intersecondary veins, angle with midrib 30-60°, angles generally bigger at the base. Cymes extra-axillary, 1-(or 2-)flowered; peduncles 7-25 by 1 mm; rachis 0-4 by 1 mm; pedicels 55-330 by 0.7-1.5 mm; bud scales absent; bract 1, triangular, 1-2 by 0.7-1 mm, apex not recurved, persisting when fruiting; bracteole 1, triangular, 1-1.5 by 0.5-0.7 mm, apex not recurved, placed at c. 1/3 to 1/2 from base of pedicel, sometimes persisting when fruiting. Sepals broadly triangular, free, 1.2-1.5 by 1.2-2 mm, veins not visible, not persisting when fruiting. Outer petals triangular, 1.5-2.5 by 1-1.5 mm, apex slightly curved, veins not visible. Inner petals ovate, 0.8-1.5 by 0.5-1 cm, 0.5-0.7 mm thick, sac 3-4 by 1-1.5 mm, apex obtuse, recurved at anthesis, margins reflexed at anthesis, outside scattered strigose, inside glabrous except margins pubescent, veins 9 or 10, glandular tissue visible. Torus elongated hemispherical, 2 by 2-3 mm wide. Stamens 125-232, 1-2 by 0.7-1 mm, connective prolongation obtuse; staminodes absent. Carpels 50-80, narrowly flask-shaped, 1.5-2.3 by 0.4-0.8 mm, scattered to sparsely strigose; stigma capitate to club-shaped, 0.5-1 by 0.5-1 mm, glabrous or cobwebbed; ovules 5-7(-10), lateral, uniseriate. Monocarps 11-43, subglobose to cylindrical to transversely elliptic, 1-3 by 0.8-1.2 cm, apiculate (c. 1 mm); stipe 15-44 by 1.5-3 mm. Seed(s) (1-)3-6, elliptical with one or two sides flattened, 5-12 by 4-8 mm, pericarp 1-1.5 mm thick.
Distribution -Northeast Borneo. Ecology -Primary or secondary forest. soil: sandstone, limestone, loam. Location: Hillsides to low flat country; near riverbanks or in periodically inundated areas. Altitude: 0-400 m. Flowering and fruiting: Throughout the year.
Field notes -outer bark 0.5 mm thick, whitish to reddish to blackish, flaky, soft, smooth, lenticelled. Inner bark 5-10 mm thick, yellowish to brown, layered. sapwood yellow to white, fibrous, hard. Leaves bright green, smooth, shining. Pedicel red. Flowers Arbor 18-30 alta, ca. 40 cm diametro. ramuli juniores plusminusve pilosi, glabrescentes. Petioli 1-2.5(-3) cm longi, 0.75-1.25 cm crassi. Folia elliptica 5-13 cm longa, 2-5.5 cm lata, apice acuta vel acuminata, basi acuta vel rotundata, costa supra subprominenti, com-planata, nervis lateralibus 9 -11 paribus. Cymae axillares, 1 vel 2(-5)-floribus, pedunculi 1-5 mm longi, pedicelli 7-23 mm longi. sepala triangulata, 0.6-1.5 mm longa, 0.5-1 mm lata. Petala exteriora naviculiformes, 0.8-1.4 mm longa, 0.2-0.5 mm lata. Petala interiora anguste usque ovata, 0.8 -1.3 cm longa, 0.1-0.3(-0.4) cm lata, basi sacciformi, 1-2 mm longe, nervis 6 -8. stamina 3 -9, staminodia 0 -3, carpella 3 -11, ovulis 2. -Typus: BW 7819 (Schram) (holo L 0048597; iso Bo, CANB, LAE), Indonesia, Papua, Div. West New Guinea, Kebar Valley, Anisandau, October 1958, fl.
Deciduous trees, 18-30 m high; bole 14 m, dbh c. 40 cm. Twigs densely to sparsely pilose, glabrescent. Petioles 1-2.5(-3) by 0.75-1.25 mm. Leaves (broadly) elliptic, 5-13 by 2-5.5 cm, l/w (2.1-)2.4-3.6(-4.4), base seldom unequal, acute to rounded, apex acute to acuminate (-1.5 cm), lamina above glabrous, below (densely) pilose, midrib above slightly sunken or flat, secondary veins 9-11 pairs with intersecondary veins, angle with midrib 45-60°, angles generally bigger at the base. Cymes axillary, seldom extra-axillary, 1-2(-5)-flowered; peduncles 1-5 by 0.6-1 mm; pedicels 7-23 by 0.3-0.5 mm; bud scales 0.7-1.5 by 0.7-1.5 mm; bract 1, triangular, 0.7-1.5 by 0.3-0.7 mm, apex not recurved; bracteole 1, (narrowly) triangular, 0.5-0.7 by 0.2-0.4 mm, apex not recurved, placed at base to 1/3 from base of pedicel, caducous. Sepals triangular, free, 0.6-1.5 by 0.5-1 mm, sometimes tissue at base darker, veins not visible, persisting until beginning of fruiting. Outer petals boat-shaped, 0.8-1.4 by 0.2-0.5 mm, apex not curved, midrib sometimes darker. Inner petals narrowly ovate, 0.8-1.3 by 0.1-0.3(-0.4) cm, 0.5 mm thick, sac 1-2 by 0.5-1.5 mm, apex obtuse to acute, margins recurved after anthesis, outside (sparsely) strigose, inside strigose with margins pubescent, veins 6-8, glandular tissue not visible. Torus hemispherical, 0.7-1.5 by 0.7-1.5 mm. Stamens 3-9, 0.6-1 by 0.6-1 mm, connective prolongation obtuse; staminode(s) 0-3, 0.3-0.7 by 0.2-0.5 mm, sometimes with underdeveloped anthers. Carpels 3-11, flask-shaped, 0.5-1 by 0.2-0.5 mm, scattered strigose; stigmas (elongated) capitate, 0.2-0.8 by 0.2-0.5 mm, glabrous; ovules 2; lateral, uniseriate.
Distribution -Indonesia (Papua) and Papua New Guinea. Ecology -Primary rain forest. soils: stony, sandy clay. Abundance: rather scarce to common. Altitude: 30-630 m. Flowering: october and November.
Field notes -Outer bark brown to black, many to few shallow fissures, flaky; inner bark white to cream; sapwood white to yellowish brown; leaves pale green; inner petals yellow. Vernacular names -Bin or Ben (Kebar). Note -This species seems closely related to M. traceyi from Australia, described by Jessup. The main difference is the number of carpels and stamina, the size of the sepals, outer petals, and the shape of the leaves. semi-deciduous treelets, up to 3 m tall, dbh up to 6 cm. Twigs tomentose, glabrescent. Petioles 1-2 by 0.5-1 mm. Leaves elliptic, 4-11.5 by 1.5-5 cm, l/w ratio 1.9-3.2, base often slightly unequal, acute (to rounded), apex acute (-1 cm), lamina strigose, glabrescent, midrib above slightly sunken, secondary veins 8-14 pairs with no obvious intersecondary veins, veination not distinct, angle with midrib 40-60°, angles Deciduous shrubs, treelets or trees, 3-20 m tall, dbh 7-30 cm. Twigs (sparsely) strigose or tomentose, glabrescent. Petioles 1-4 by (0.5-)0.7-2 mm. Leaves elliptic to ovate, 3-13 by 2-8 cm, l/w ratio (1.4-)1.7-2.4(-2.7), base sometimes unequal, obtuse or rounded, seldom acute or emarginate, apex acute (-1 cm), lamina above strigose or tomentose, glabrescent, below densely strigose or tomentose, midrib above flat or slightly raised, secondary veins 6-11 pairs with strong intersecondary veins, angle with midrib 40-60°, angles generally bigger at the base. Cymes in axils of fallen leaves 1(-5)-flowered; peduncles 0-9 by 0.5-1 mm; pedicels (3-)9-23(-33) by 0.5-1.3 mm; bud scales 1.5-3 by 1-2.5 mm; bract 1, triangular, 2-3 by 1-1.5 mm, apex not recurved; bracteole 1, in material studied no bracteole was found only tuft of hairs indicating the location where it was, caducous. Sepals (broadly) triangular, free, 2-3.3 by 1.5-2.5 mm, veins 5 or 6, not persisting when fruiting. Outer petals boat-shaped, 2-3.5 by 0.7-1 mm, apex not curved, veins 5 or 6. Inner petals narrowly ovate, 0.6-1.2 by 0.2-0.5 cm, 0.5-1 mm thick, sac 1-2 by 1-2 mm, apex obtuse to acute, margins recurved, outside sparsely strigose, inside glabrous except margins pubescent, veins 5-6(-8), glandular tissue not visible. Torus elongated hemispherical, 0.7-2 by 0.7-2 mm. Stamens 8 or 9, 0.7-1 by 0.7-1 mm, connective prolongation obtuse; staminodes 4 or 5, 0.4-0.5 by 0.2-0.5 mm. Carpels 12-14, round flask-shaped, 0.7-1.3 by 0.5 mm, glabrous; stigma capitate or globose, 0.2-0.5 by 0.3 mm, glabrous; ovules 2, lateral, uniseriate. Monocarps 2-8, (sub)globular to elliptic, 0.6-1 by 0.6-0.9 cm, apiculation not present; Jessup (1988) . Although this species seems to belong to Fitzalania it is most likely a different species within this genus.
Miliusa lucida (oliv.) Finet & Gagnep. (1906) 151. -Phaeanthus lucidus oliv. (1887) pl. 1561. 
